Water Quality in the South SK River Basin

II

PROJECT OVERVIEW

II.1

A Brief Introduction to the Research

Pressure on water quality and quantity increases as Canada continues to develop. Within our own
backyard, the ecosystems that produce, clean, and supply our surface and ground water are
stressed from human development, as identified in a number of reports published by institutions,
governments, and environmental think tanks in Canada and across the world. Consequently, many
water quality issues are emerging. One of the most important water systems in Western Canada,
the South Saskatchewan River system, directly supplies more than 50% of the total population in
Saskatchewan (Partners FOR the Saskatchewan River Basin, 2009) and approximately 45% of the
population in Alberta (SSRB Water Supply Study Steering Committee, 2010). This important
watershed was ranked as moderately or highly stressed for 27 out of a possible 30 indicators of
watershed health in the 2007 and 2010 State of the Watershed Reports published by the
Saskatchewan Watershed Authority, which includes indicators based on population density,
agricultural production, riparian health, wetland loss, water quality/quantity, natural resource
extraction, landfills, contaminated sites, and many others. It is therefore not surprising that in a
survey of over 840 Saskatchewan municipalities in 1994, the top issues of concern related to water
in the South Saskatchewan River Basin were drinking water safety, and water quality deterioration
(Saskatchewan Water Corporation, 1994).
Given the above, this study will attempt to identify portions, either as river reaches or sub basins, of
the South Saskatchewan River System within Saskatchewan, which are “at risk” in terms of water
quality conditions.
This risk will be determined using three definitions:
1. Portions of the river basin (sub basins or river reaches) in which water quality is outside an
optimal range of water quality conditions as determined by federal, provincial, or site
specific water quality guidelines.
2. Portions of the river basin (sub basins or river reaches) in which water quality is degrading
over time (increasing concentration/measurements of contaminants and indicators of
overall water quality, or decreasing dissolved oxygen concentrations).
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3. Portions of the river basin (individual or grouped sub basins) in which there are multiple
risk factors (as determined by the scientific literature) due human activities, such as:
a. Increasing population size.
b. Changes in agricultural activity which are potentially detrimental to water quality
(such as agricultural practices, area of cropland, or livestock density).
c. Natural resource extraction and industrial activity (pulp and paper mills, metal
mines, oil and gas extraction, etc.)
d. Point source effluents (industrial and wastewater effluent sources)
e. Increases or changes in urban land uses (as it relates to a contaminant source, or
increased storm water outflow).
Water quality risks will be examined within the context of cumulative effects assessment, which is
the process of systematically analyzing and assessing cumulative environmental change. In other
words, the long term changes that occur as a result of the combined effects of multiple, successive
actions on the environment. Towards that end, this research will identify multiple human activities
that may potentially impact the environment cumulatively across space, and how water quality
cumulatively changes from upstream to downstream and over time.

II.1.i

The primary objectives of this study are to:

1) Identify trends and describe variability across multiple water quality parameters in the South
Saskatchewan River in order to determine:
a) When and where (river reaches / years) water quality exceeds the optimal range of water
quality conditions (water quality guideline objectives).
b) Where (what portions of the South Saskatchewan River) and for which water quality
indicators (parameters), is water quality degrading over time.
2) Identify human development and land uses in the SSRB that pose a risk to water quality in the
South Saskatchewan River according to an assessment of current land use.
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3) Identify, based on the previous objectives, portions of the SSRB which are at the greatest risk
for water quality degradation.
4) Develop benchmarks for assessing current and future water quality in the South Saskatchewan
River.
5) Develop recommendations for a water quality monitoring program to support further
assessment and research on the cumulative effects of human development on water quality in
the South Saskatchewan River Basin in Saskatchewan.

II.2

Study Area

The area selected for this study includes the Saskatchewan portion of the South Saskatchewan
River Basin. The total area for study has been delineated using the gross drainage area of the
basin, downstream from the confluence of the Oldman and Bow Rivers, and the Red Deer River
and South Saskatchewan Rivers (at the border between Saskatchewan and Alberta), to the
confluence of the North Saskatchewan and South Saskatchewan Rivers past Saskatoon. This area
includes the drainage basin for Swift Current Creek.
While the Saskatchewan portion of the South Saskatchewan River is the focus of this study, it is
important to consider upstream risks to water quality as well. Given the relatively small
contributing area in the eastern portions of the watershed, and the large contribution to flow from
the western portion of the basin in Alberta, it is apparent that many water quality issues may in fact
stem from contributing areas in Alberta. Degrading water quality in the upper portions of the river
system will eventually carry downstream, impacting the lower portions of the basin in
Saskatchewan. Therefore to contribute to a holistic understanding of water quality risk in the study
area, upstream water quality in the tributaries of the South Saskatchewan River (The Oldman,
Bow, and Red Deer Rivers) will be examined as well.
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II.3

Research Approach

The analysis for this research was carried out in several stages:
1) The first step was to determine the state of water quality in the South Saskatchewan River
by:
a. Examining the availability and adequacy of water quality monitoring data on the
South Saskatchewan River.
b. Selecting water quality indicators that are relevant for long term monitoring, and for
the protection of the many water uses in the river basin (drinking water, agricultural
use, recreational use, and for use by aquatic ecosystems).
c. Conducting a preliminary analysis of the available water quality data using time
series plots to give a summary of potential water quality changes, such as:
i. Changes in measurements from upstream to downstream.
ii. Large scale seasonal or other cyclical patterns.
d. The selection of appropriate water quality thresholds as determined by provincial,
federal, or site specific water quality guidelines.
e. The application of those guidelines to determine if any of the selected water quality
indicators are exceeding the desirable water quality thresholds:
i. For certain years.
ii. At specific monitoring locations.

2) The second step was to assess how water quality changes over time within years (seasons),
and across all years (overall trend) by:
a. Plotting all available water quality data for each sampling location / selected water
quality parameter across each month using standard box plots, and look for:
i. How the range of water quality variables changes throughout the year.
ii. If there are months with particularly high/low values for each water quality
indicator.
iii. How water quality parameter seasonality is affected by flow.
b. Testing the selected water quality parameters for long term trends across all years,
by:
i. Selecting a test for trend that is appropriate given the characteristics of the
data.
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ii. Applying that test to assess if a trend is occurring in the water quality
measurements over time (for the available years of data).
3) The third step was to identify ‘at risk’ sub basins within the watershed according to changes
in human activity that have the potential to greatly impact water quality by:
a. Conducting a literature review to identify human activities that have been linked to
water quality changes in other river basins.
b. Using spatial analysis and a geographical information system (GIS) to assess whether
these “key” human activities:
i. Are concentrated within certain portions of the river basin (density analysis).
ii. Have changed over time (change over time analysis).

4) The final step in this research was to design a water quality monitoring program to address
the risks to water quality in the South Saskatchewan River Basin based on:
a. Current water quality monitoring programs in Saskatchewan.
i. Provincial water quality monitoring programs.
ii. Federal water quality monitoring programs.
b. A prioritized list of water quality sampling parameters.
i. Parameters which exceed water quality guidelines.
ii. Parameters which are degrading over time.
iii. Other parameters important for generating an understanding of overall water
quality in the South Saskatchewan River Basin.
c. Recommendations and best practices from other water quality monitoring programs.

II.4

Water Quality Sampling Locations

The South Saskatchewan River is monitored regularly for water quality and quantity by both the
provincial governments of Alberta and Saskatchewan, and the federal government of Canada,
through environmental monitoring programs and for the purpose of apportionment agreements
between the provinces. Water quantity may be monitored daily or even hourly in some locations,
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but water quality is typically monitored monthly, although for some years, within-month or
quarterly samples may be available at some sampling locations.
Multiple sampling locations and their associated data are available online or by request to the
government agencies responsible for water quality data collection and management, however, only
a small subset of these locations have been monitored consistently over a period of ten of more
years. Of all the available long term water quality monitoring stations (provincial and federal), 16
were selected which were located along the South Saskatchewan River or its tributaries (the
Oldman, Bow, and Red Deer Rivers) from which 10 or more years of consistent sampling data was
available in a digital format (earlier data may be available but is currently archived in record books
and not yet converted to a digital database format). From these selected stations, monthly samples
were available for some stations from 1966 until 2011, however, most stations had a much shorter
record of data (1987-2011) and for those with earlier samples available, there may only be one or
two measurements for the entire year in some of the earliest sampled years. For these sampling
locations, water quality was monitored at different frequencies, from weekly to quarterly, but the
most consist frequency was monthly.
Of these 16 water quality stations selected for the entire basin, only 5 were actually located on the
South Saskatchewan River within the study area:
AL05AK0001 – South Saskatchewan River at Hwy #41 (Environment Canada)
SK05HB0087 – South Saskatchewan River at Leader (Hwy #21) (Province of Saskatchewan)
SK05HF0129 – Lake Diefenbaker at Riverhurst Ferry (Province of Saskatchewan)
SK05HF0205 – South Saskatchewan River at Outlook (Hwy #15) (Province of Saskatchewan)
SK05HH0267 – South Saskatchewan River at Clarkboro Ferry (Province of Saskatchewan)

Page 47

Page 48
FID_
AB
EC
EC
EC
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
EC

STNAME
SOUTH SASKATCHEWAN RIVER ABOVE MEDICINE HAT
SOUTH SASKATCHEWAN RIVER AT HWY 41
BOW RIVER AT HIGHWAY 1 ABOVE LAKE LOUISE
BOW RIVER ABOUT 4.5 KM ABOVE CANMORE
BOW RIVER
BOW RIVER AT COCHRANE
BOW RIVER
BOW RIVER
BOW RIVER BELOW CARSELAND DAM
BOW RIVER AT CLUNY
BOW RIVER
BOW RIVER NEAR RONALANE BRIDGE
OLDMAN RIVER NEAR BROCKET-LEFT BANK
OLDMAN RIVER ABOVE LETHBRIDGE AT HWY 3
OLDMAN RIVER AT HWY 36 BRIDGE NORTH OF TABER
OLDMAN RIVER
RED DEER RIVER AT HWY 2 BRIDGE-ABOVE RED DEER
RED DEER RIVER AT NEVIS BRIDGE-RIGHT BANK
RED DEER RIVER AT MORRIN BRIDGE-CENTER
RED DEER RIVER
RED DEER RIVER
RED DEER RIVER NEAR BINDLOSS, ALBERTA

Alberta
STID
AB05AK0020
AL05AK0001
AL05BA0011
AL05BE0013
AB05BE0190
AB05BH0010
AB05BH0200
AB05BH0400
AB05BM0010
AB05BM0590
AB05BN0080
AB05BN0010
AB05AB0070
AB05AD0010
AB05AG0010
AB05AG0230
AB05CC0010
AB05CD0250
AB05CE0010
AB05CE0030
AB05CG0010
AL05CK0001
STTYPE
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM
RIVER OR STREAM

STNAME
STTYPE
FID_
S.SASK.R.-LEADER BR.-HWY #21 XING; SUMMER-OFF RIGHT B., WINTER-1/3 RIGHT
RIVER
B OR STREAM
SK
SOUTH SASKATCHEWAN RIVER NEAR
RIVER OR STREAM
CA
LK. DIEFENBAKER STUDY-STN#7 SASK. LANDING PROV.PK NR. SHORE
LAKE
SK
LK. DIEFENBAKER SK. LANDING @ HWY #4 (STN 2)
LAKE
SK
LK. DIEFENBAKER OPP. CABRI REG.PK. MID-LK.
LAKE
SK
LK. DIEFENBAKER RIVERHURST FERRY AT MID-LK.
LAKE
SK
S.SASK.R.-NR.OUTLOOK @ HWY #15 L.B. (RWS) SUPPLY
RIVER OR STREAM
SK
S.SASK.R.-S'TOON-OPP. WTP @ (RWS)
RIVER OR STREAM
SK
S.SASK.R. @ SWSB INTAKE OPP. SHORE OF QUEEN ELIZABETH GEN. STN.
RIVER OR STREAM
SK
S.SASK.R. ABOVE S'TOON;NR. SPC Q.E. POWER PLANT
RIVER OR STREAM
SK
S.SASK.R. ABOVE S'TOON STP MID R.ABOVE STP DIFFUSER EFFECTIVE NOV/84 TORIVER
BE SAMPLED
OR STREAM
WITH CITY OF
SKS'T
SOUTH SASKATCHEWAN RIVER AT SASKATOON,
RIVER OR STREAM
CA
S.SASK.R. CLARKBORO FERRY @ 1/3 W. BANK(LEFT BANK)
RIVER OR STREAM
SK
S.SASK.R. CLARKBORO FERRY AT 1/3 E. BANK(RIGHT BANK)
RIVER OR STREAM
SK
S.SASK.R.-WELDON FERRY AT MID-R.
RIVER OR STREAM
SK

Saskatchewan
STID
SK05HB0087
00SA05HB0001
SK05HC0060
SK05HC0058
SK05HC0059
SK05HF0129
SK05HF0205
SK05HG0269
SK05HG0280
SK05HG0283
SK05HH0264
00SA05HG0001
SK05HH0267
SK05HH0274
SK05HH0273

Provincial and Federal Longterm Monitoring WQ Stations on the SSR and Tributaries

stations with 10 or more years of consistent monthly data
stations with less than 10 years of monthly data

FNAME
AB Env
Env Canada
Env Canada
Env Canada
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
AB Env
Env Canada

FNAME
SK
CA
SK
SK
SK
SK
SK
SK
SK
SK
SK
CA
SK
SK
SK

PROV
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB

PROV
SK
SK
SK
SK
SK
SK
SK
SK
SK
SK
SK
SK
SK
SK
SK
12276
7306
425
5844
1042
6088
11430
3757
5688
2186
4714
2800
10776
7518
1163

FIRST YR
1975
1965
1984
1969
1984
1975
1970
1971
1971
1972
1970
1960
1970
1976
1971

LAST YR

NOTES
2009
1992
2003
1992
2003
2003
2009
2001 upstream of City of Saskatoon
1991 ** same location as HG0269
2009 ** same location as HG0269
2004 downstream of City of Saskatoon
1975
2009
2006 * same location as HH0267 - opposite bank
2001

SAMPLECNT SAMPLEFIRS SAMPLELAST NOTES
18595
1970
2009 Only 1995-2009 is available in digital format
41272
1968
2010
25750
1971
2010
36890
1973
2010
9440
1987
2009
21936
1987
2009
4303
1989
2002 upstream of city of calgary
3179
1970
2009 downstream of city of calgary
22192
1987
2009
15896
1970
2009
12429
1979
2009
22932
1984
2009
21772
1987
2009 Only 1995-2009 is available in digital format
21864
1987
2009
21772
1987
2009
4799
1979
2005
27368
1976
2009
16642
1995
2009
20320
1987
2007
3754
1959
1998
1114
1983
2000
40103
1966
2010

COUNT
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II.5 Water Quantity (Flow) Monitoring Stations
One of the primary drivers for water quality is surface runoff, and correspondingly, in-stream flow
volume. In essence, the amount of water available in a river or stream may depend upon or by
influenced by the amount of water available in the channel, usually measured as volume or lake
level in lakes, or flow volume (amount or volume of water passing by a reference point per unit of
time) in rivers, the standard unit of which is meters cubed per second (m³/s).
Flow, or the amount of water in a stream or river, can influence water quality in a number of ways.
In some cases, the relationship between river flow and the amount of contaminant present in the
system is a positive relationship: increases in flow correspond to increases in the contaminant.
This usually occurs when the flow volume is directly related to surface or groundwater runoff
contribution. For example, contaminants present in the soils or contributed from a point source
may be carried to the river system by precipitation and surface runoff: if the river is highly surface
water driven, times of high flow correspond to time periods of high surface runoff, and therefore
high amounts of contaminant present in the river. In other cases high flows may correspond with
low contaminant levels. This may be the case if the contaminant is carried primarily to the river by
groundwater flow which is diluted by surface runoff during periods of high flow. This may also be
the case if the contaminant is measured by concentration (amount present per volume of water),
where high periods of flow may in fact result in lowered levels of measured contaminants because
of simple dilution effects (more water in the river means less contaminant per volume of water).
Due to these potential flow-water quality relationships, it was necessary to obtain data regarding
the amount of flow present in the river at the time of sampling for each water quality sample taken,
for the purpose of analyzing the strength of the flow-water quality relationship. Therefore flow
data for each of the water quality sampling locations was obtained from Environment Canada’s
online HYDAT database by selecting and downloading data for each water quality sampling period,
and from flow gauging stations located as close as possible to the water quality sampling points.

Matching the water quality sampling locations to a flow station was particularly difficult for the
Saskatchewan portion of the South Saskatchewan River upstream of Lake Diefenbaker. Only one flow
station is located in this portion of the river, which recorded flow values until the establishment of the
Gardiner Dam and Lake Diefenbaker in 1964, after which it recorded lake levels. Therefore for the
SK05HF0129 sampling location (Lake Diefenbaker at Riverhurst Ferry), and the SK05HB0087

sampling location (S SK River at Leader), flows had to be obtained from two upstream flow stations
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located on the Red Deer River (HYDAT Station 05CK004) and the South SK River downstream from
the Oldman and Bow River confluence (HYDAT station 05AJ001). Flows from these two stations were
combined to give the estimated flow in the downstream portions of the river.
Water Quality Sampling Location
AL05BA0011 - Bow R. Hwy 1 above Lake Louis
AL05BE0013 - Bow R. 4.5km above Canmore
AB05BH0010 - Bow R. at Cochrane
AB05BM0010 - Bow R. below Carseland Dam
AB05BM0590 - Bow R. at Cluny
AB05BN0010 - Bow R. near Ronalane Bridge
AB05AD0010 - Oldman R. above Lethbridge Hwy 3
AB05AG0010 - Oldman R. at HWY 36 N of Taber
AB05CC0010 - Red Deer R. at Hwy 2 above Red Deer
AB05CE0010 - Red Deer R. at Morrin Bridge
AL05CK0001 - Red Deer R. near Bindloss
AL05AK0001 - S. SK. R. at Hwy 41
SK05HB0087 - S. SK. R. Hwy 21 near Leader
SK05HF0129 - Lake Diefenbaker Riverhurst Ferry
SK05HF0205 - S. SK. R. Hwy 15 Near Outlook
SK05HH0267 - S. SK. R. at Clarkboro Ferry (left bank)

HYDAT Station
05BA001 - Bow R. at Lake Louis
05BE004 - Bow R. near Seebe
05BH004 - Bow R. at Calgary
05BM002 -Bow R. below Carseland Dam
05BM004 - Bow R. below Bassano Dam
05BN012 - Bow R. near the Mouth
05AD007 - Oldman R. near Lethbridge
05AG006 - Oldman R. near the Mouth
05CC002 - Red D. R. at Red Deer
05CE001 - Red D. R. at Drumheller
05CK004 - Red D. R. near Bindloss
05AJ001 - S. SK. R. at Medicine Hat
05CK004 + 05AJ001
05CK004 + 05AJ001
05HF004 - S. SK. R. below Gardiner Dam
05HG001 - S. SK. R. at Saskatoon

II.6 Water Quality Parameters
For several provincial and federal water quality monitoring locations, over 150 water quality
indicators have been measured over the record of data. To choose a sub group of indicators from
this extensive list, water quality parameters were selected from the water quality monitoring data
based on recommendations from the CCME guidelines which provide some recommendations on
selecting water quality parameters to monitor for the protection of aquatic life, industrial use,
agricultural use, recreational use, and suitability for drinking water supply.
The Canada-wide Framework for Water Quality Monitoring (CCME Water Quality Task Group,
2006) includes suggestions for the selection of water quality indicators for the purpose of water
quality monitoring according to the goals of the monitoring program. These goals may include the
protection of aquatic life, or to monitor for the suitability of the water source in terms of different
water uses (agricultural, recreational, or drinking water). Water quality indicators include
parameters that measure physical water condition (pH, temperature, light penetration, suspended
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and deposited material), biological activity (Chlorophyll-a concentrations, bioassays,
phytoplankton growth), chemical water composition (the concentration of metals, nutrients, ions),
and the presence of contaminants (pesticides, pharmaceuticals). The framework differentiates
between parameters that are critical for assessing water quality based on water uses, as shown in
the table below:

(Taken from: A Canada-Wide Framework for Water Quality Monitoring, CCME Water Quality Task Group, 2006,
page 16.)
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Water quality parameters for monitoring for drinking water supply uses and ecological protection
were chosen because they were the most specific, and because they also included parameters that
could be used to monitor for agricultural and recreational water uses, and therefore provided the
most comprehensive selection of parameters recommended by the CCME.
To this initial list of indicators several additional parameters were selected based on their potential
to link to human activities within the South Saskatchewan River, or based on their utility as general
indicators of ecosystem health. This included chlorophyll-a as a potential indicator of algal growth,
which is often attributed to, or accelerated by, nutrient inputs from sources such as wastewater
treatment systems, agricultural fertilizers, and intensive livestock operations (Broussard and
Turner, 2009) (Calderón, 2009) (Soranno et al., 1996). Sodium, magnesium, and salinity may be
attributed to increased irrigation uses, land clearing and soil runoff, or landfill and industrial site
leachate (Versace et al., 2008) (Singh, Malik and Sinha, 2005). Aluminum may be linked to
industrial activity such as manufacturing and landfill leachate, to mining activities as tailings
effluent, or wastewater where it may be used as a flocculation by-product (Hem, 1985). Feedlots
and municipal effluent or urban stormwater drainage are significant sources of fecal coliforms and
other bacteria (Mallin et al., 2000), and industrial activities, landfill leachate, and resource
extraction activities such as metal mining can contribute many metal contaminants to surface
water as well, such as copper, lead, zinc, arsenic, sulphate, chromium, fluoride, and cyanide. Water
treatment systems often add fluoride to drinking water, and therefore wastewater effluent may be a
source of fluoride as well. This included chlorophyll-a, sodium, magnesium, fecal coliforms,
copper, lead, zinc, arsenic, sulphate, fluoride, chromium, aluminum, and cyanide. Unfortunately,
chromium, aluminum, and cyanide were not available for some monitoring locations and were
removed from analysis. In addition, nitrogen is an important indicator for many monitoring
purposes, and is often monitored in various forms which may represent different levels of risk to
overall water quality. Therefore several forms of nitrogen were selected: total nitrogen, ammonia,
and nitrate plus nitrite.
The initial list of selected parameters was then compared to the long term monitoring database to
determine availability. As a result, some parameters had to be removed or replaced due to this
availability. For example, where the preferred form of a sampled parameter was not specified by
the CCME guidelines, the most available measured form was selected. In this manner, total copper
was selected over dissolved copper, and pH as determined in a laboratory setting was used instead
of field measurements. While Escherichia coli is considered very important for monitoring
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drinking water, it is measured in frequently, and a more general measurement of all fecal coliforms
is not only more readily available, but it also more indicative of general water quality conditions as
it includes more species of bacteria. Some parameters were simply not available, including
chromium, aluminum, and un-ionized ammonia in the provincial monitoring databases.
This resulted in the following list of 22 water quality parameters selected for study:
Turbidity (NTUs)
Temperature (ºC)
pH (units of pH)
Fecal Coliforms (NO/100ml)
Conductivity (Specific Conductance as USIE/cm)
Total Dissolved Solids (mg/l)
Dissolved Organic Carbon (mg/l)
Nitrogen (all measured as portion of nitrogen-N)
Total Nitrogen (mg/l)
Total Ammonia (NH₃ and NH₄⁻) (mg/l)
Total Nitrate and Nitrite (NO₃⁻ + NO₂) (mg/l)
Total Phosphorus (mg/l)
Dissolved Oxygen (mg/l)
Chlorophyll A (µg/l)
Dissolved Sodium (mg/l)
Dissolved Chloride (mg/l)
Dissolved Sulphate (mg/l)
Dissolved Magnesium (mg/l)
Dissolved Arsenic (µg/l)
Dissolved Fluoride (mg/l)
Total Copper (µg/l)
Total Zinc (µg/l)
Total Lead (µg/l)
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Monitoring data for these 22 parameters were obtained from the provincial and federal databases
for the 16 sampling locations through two methods:
1. By downloading data from the Ministry of Environment in Alberta, through their online
website (for all provincial monitoring stations in Alberta).
2. By direct request in writing to the Ministry of Environment in Saskatchewan, and
Environment Canada, for all provincial monitoring stations in Saskatchewan and all federal
monitoring stations across the basin (in both Alberta and Saskatchewan).

III

UNDERSTANDING WATER QUALITY
Water is the one substance from which the earth can conceal nothing; it sucks out its
innermost secrets and brings them to our very lips.
-Jean Giraudoux, The Madwomen of Chaillot, 1946

III.1

Chemical Constituents of Surface Water

The chemical composition of natural water is derived from a mixture of naturally occurring and
human-introduced solutes and solids. Sources of these constituents include atmospheric gases and
aerosols, weathering and erosion of rocks and soil, chemical reactions in the ground, and the
impacts of human activities above and below the earth’s surface (Hem, 1985). Solutes contained in
natural water represent the physical, chemical, and biological processes operating within the water
system. Adhering to the concept of the watershed, chemical constituents in water represent the
culmination of water’s journey across the land: percolating through soils and bedrock as
groundwater, flowing across fields and pavements as surface runoff, collecting in wetlands, cutting
through hills, and constantly in flux with the objects, activities, processes, and elements it
encounters along the way. Natural water is a dynamic thing: responding to the environment as the
lifeblood of the aquatic ecosystem. There are over 200 chemical and physical properties of water
measured by municipal, provincial, and federal monitoring programs in Canada. These include
physical parameters such as odor, taste, temperature, and turbidity; biological indicators like algal
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